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(54) ARM STRUCTURE FOR MAN TYPE WORKING ROBOTS 

(57) An arm structure for anthropomorphic robots 
minimizes the occurrence of a singularity state of a 
shoulder joint assembly while the arm of the anthropo- 
morphic robot is normally working, for thereby allowing 
the arm to operate smoothly. The position and posture 
of first through third joints (1 1), (13), (15) of a shoulder 
joint assembly (5) and the position of an elbow joint 
assembly (6) with respect to the third joint (15) are 
established such that the elbow joint assembly (6) is 
located above a horizontal plane lying through the point 
of intersection of the axes (10), (12) t (14) of the first 
through third joints (11), (13), (15), while the shoulder 
joint assembly (5) is operated into a singularity state 
wherein the first axis (10) of the first joint (1 1) and the 
third axis (1 4) of the third joint (1 5) are aligned with each 
other and the elbow joint assembly (6) is positioned lat- 
erally of a torso (1). 
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Description 

TECHNICAL FIELD: 

[0001] The present invention relates to an arm 
structure for anthropomorphic robots. 

BACKGROUND ART: 

[0002] One generally known anthropomorphic robot 
which has arms on both sides of the torso like the 
human being employs an arm joint structure as shown 
in FIG. 7 of the accompanying drawings. 
[0003] The anthropomorphic robot has arms A 
each having a shoulder joint assembly a, an elbow joint 
assembly b, and a wrist joint assembly c. The shoulder 
joint assembly a comprises a first joint e coupled to a 
torso B for rotation about a first axis d which extends 
horizontally from an upper side of the torso B, a second 
joint g coupled to the first joint e for rotation about a sec- 
ond axis f (perpendicular to the sheet of FIG. 7) normal 
to the first axis d, and a third joint i coupled to the sec- 
ond joint g for rotation about a third axis h normal to the 
second axis f. The first through third joints e, g f i are 
positionally related to each other such that the first 
through third axes d, f, h intersect at one point in arbi- 
trary operating positions (angular positions) of the first 
through third joints e, g, i. 

[0004] The elbow joint assembly b comprises a 
fourth joint b coupled to the third joint i of the shoulder 
joint a by an upper arm k for rotation about a fourth axis 
j (perpendicular to the sheet of FIG. 7). The wrist joint 
assembly c comprises fifth through seventh joints p, q, r 
that are successively coupled to the elbow joint assem- 
bly b for rotation about respective fifth through seventh 
axes m,n,o (which are normal to each other in the illus- 
trated state). A hand s is coupled to the distal end of the 
wrist joint assembly c. 

[0005] The above structure of each of the arms A 
allows the shoulder joint assembly a, the elbow joint 
assembly b, and the wrist joint assembly c to operate in 
substantially the same fashion as human arms. 
[0006] In the robot shown in FIG. 7, the elbow joint 
assembly b is positioned on the third axis h of the third 
joint i of the shoulder joint assembly a. However, the 
elbow joint assembly b may be coupled to the third joint 
at a position radially spaced from the third axis of the 
third joint. 

[0007] With the arm A of the robot having the above 
structure, as shown in FIG. 8, the first axis d of the first 
joint e and the third axis h of the third joint i of the shoul- 
der joint assembly a may be aligned with each other, 
and such an aligned state is referred to as a singularity 
state (or singularity posture). The singularity state refers 
to a state wherein the first axis d of the first joint e and 
the third axis h of the third joint i are aligned with each 
other irrespective of the angular displacement of the 
first joint e or the third joint i. This singularity state also 



occurs if the elbow joint assembly b .is coupled to the 
third joint at a position radially spaced from the third axis 
of the third joint. 

[0008] In the singularity state, the shoulder joint 

5 assembly a allows the first joint e or the third joint i to 
rotate only about the first axis d (= the third axis h) and 
also allows the second joint g to rotate only about the 
second axis f. Therefore, the elbow joint assembly b 
coupled to the third joint i of the shoulder joint assembly 

10 a has a reduced number of degrees of freedom for its 
posture, resulting in poor operability of the arm A. 
[0009] For example, even for slightly changing the 
orientation of the fourth axis j of the elbow joint assem- 
bly b about the vertical axis in the singularity state 

15 shown in FIG. 8, it is necessary to operate the shoulder 
joint assembly a by rotating the first joint e and the third 
joint i of the shoulder joint assembly a by 90 degrees in 
opposite directions respectively about the first axis d 
and the third axis h, and thereafter rotating the second 

20 joint g slightly about the second axis f. 

[0010] In the singularity state of the shoulder joint 
assembly a, therefore, the shoulder joint assembly a 
needs to be operated largely in order to slightly change 
the position or posture of the elbow joint assembly b, 

25 with the result that the flexibility and quickness to 
change the elbow joint assembly b to a desired position 
or posture. 

[0011] The above shortcoming does not exist in a 
state other than the singularity state of the shoulder joint 

30 assembly a (no n -singularity state). For example, in the 
state shown in FIG. 7, the orientation of the fourth axis j 
of the elbow joint assembly b can slightly be changed to 
a desired orientation by slightly rotating the first joint e 
or the third joint i or both. 

35 [0012] The inventors have found that the arms A of 
the anthropomorphic robot of the type described above 
operate to perform various processes while the elbow 
joint assembly b is positioned at the same height as or 
lower than the center of the shoulder joint assembly a, 

4o i.e., the point of intersection of the axes d, f, h of the first 
through third joints e, g, i. This tendency is particularly 
strong for master-slave anthropomorphic robots whose 
arms are operated in the same manner as human arms, 
because of the working ability of the human arms. 

45 [0013] With the conventional anthropomorphic 
robot, however, the layout and posture of the first 
through third joints of the shoulder joint assembly a 
have been designed taking into consideration the posi- 
tion of the shoulder joint assembly b of the arm A in the 

so actual operation. Therefore, the singularity state of the 
shoulder joint assembly a occurs in positions where the 
elbow joint assembly b can operate when the anthropo- 
morphic robot works. With the anthropomorphic robot 
shown in FIG. 7, for example, the singularity state 

55 occurs when the Ibow joint assembly b extends later- 
ally of the torso B at the same height as the center of the 
shoulder joint assembly a. Such a position of the elbow 
joint assembly b normally occurs while the anthropo- 
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morphic robot is working. Consequently, while the arm 
A of the conventional anthropomorphic robot is normally 
working, the singularity state of the shoulder joint 
assembly a is liable to take place, resulting in impaired 
operability of the arm A during normal operation of the 
robot. 

[0014] In view of the above background, it is an 
object of the present invention to provide an arm struc- 
ture for anthropomorphic robots which minimizes the 
occurrence of a singularity state of a shoulder joint 
assembly while the arm of the anthropomorphic robot is 
normally working, for thereby allowing the arm to oper- 
ate smoothly. 

DISCLOSURE OF THE INVENTION: 

[001 5] In order to achieve the above object, there is 
provided in accordance with the present invention an 
arm structure for an anthropomorphic robot, comprising 
a shoulder joint assembly having a first joint coupled to 
a torso for rotation about a first axis, a second joint cou- 
pled to the first joint for rotation about a second axis 
crossing the first axis, and a third joint coupled to the 
second joint for rotation about a third axis crossing the 
second axis, the first through third axes intersecting at a 
single point, and an elbow joint assembly coupled to the 
third joint of the shoulder joint assembly, characterized 
in that the position and posture of the first through third 
joints of the shoulder joint assembly and the position of 
the elbow joint assembly with respect to the third joint 
are established such that the elbow joint assembly is 
located above a horizontal plane lying through the point 
of intersection of the axes of the first through third joints, 
whil the shoulder joint assembly is operated into a sin- 
gularity state wherein the first axis of the first joint and 
the third axis of the third joint are aligned with each 
other and the elbow joint assembly is positioned later- 
ally of the torso. 

[0016] Generally, the arm of the anthropomorphic 
robot does not work while the elbow joint assembly is 
positioned laterally of the torso and the elbow joint 
assembly is located above the horizontal plane lying 
through the point of intersection of the axes of the first 
through third joints, i.e., the center of the shoulder joint 
assembly. Therefore, by establishing the position and 
posture of the first through third joints of the shoulder 
joint assembly and the position of the elbow joint 
assembly with respect to the third joint such that the 
elbow joint assembly is located above a horizontal plane 
lying through the point of intersection of the axes of the 
first through third joints, while the shoulder joint assem- 
bly is operated into the singularity state and the elbow 
joint assembly is positioned laterally of the torso, it is 
possible to prevent the singularity state of the shoulder 
joint assembly from occurring at the position where the 
elbow joint assembly is normally operated wh n the arm 
of the anthropomorphic robot actually works. 
[0017] Therefore, the occurrence of the singularity 



state of the shoulder joint assembly is minimized while 
the arm of the anthropomorphic robot is normally work- 
ing, for thereby allowing the arm to operate smoothly. 
[0018] If the elbow joint assembly is coupled to the 

5 third joint on the third axis of the third joint, then the first 
joint of the shoulder joint assembly is coupled to the 
torso with the first axis being oriented obliquely 
upwardly from the torso laterally of the torso, and the 
second joint and the third joint are coupled respectively 

10 to the first joint and the second joint so as to be 
arranged on the first axis successively from the first Joint 
to the elbow joint assembly in the singularity state of the 
shoulder joint assembly. 

[0019] With the above arrangement, the elbow joint 
is assembly is located above the horizontal plane laterally 
of the torso in the singularity state of the shoulder joint 
assembly. 

[0020] If the elbow joint assembly is coupled to the 
third joint at a position spaced from the third axis of the 

20 third joint, then the position and posture of the first 
through third joints of the shoulder joint assembly are 
established such that the elbow joint assembly is 
located above the horizontal plane while the shoulder 
assembly is operated into the singularity state and the 

25 elbow joint assembly is rotated about the third axis to an 
arbitrary position laterally of the torso. 
[0021] Specifically, if the elbow joint assembly is 
coupled to the third joint at a position spaced from the 
third axis of the third joint, when the first joint and the 

30 third joint are rotated respectively about the first axis 
and the third axis (which are aligned with each other in 
the singularity state) in the singularity state, the position 
of the elbow joint assembly moves on a circle whose 
radius is equal to the distance between the elbow joint 

35 assembly and the first and third axes, and the shoulder 
joint assembly is in the singularity state at any angular 
positions of the elbow joint assembly. By establishing 
the position and posture of the first through third joints of 
the shoulder joint assembly such that the elbow joint 

40 assembly is located above the horizontal plane while 
the shoulder assembly is operated into the singularity 
state and the elbow joint assembly is rotated about the 
third axis to an arbitrary position laterally of the torso, it 
is possible to minimize the occurrence of the singularity 

45 state of the shoulder joint assembly when the arm of the 
anthropomorphic robot actually works. 

BRIEF DESCRIPTION OF THE DRAWINGS: 



so [0022] 

FIG. 1 is a schematic front etevational view of an 
anthropomorphic robot according to a first embodi- 
ment of the present invention; 
55 FIG. 2 is a view illustrative of operation of a central 
part of the robot shown in FIG. 1 ; 
FIG. 3 is a schematic side elevational view of a cen- 
tral part of an anthropomorphic robot according to a 
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modification of the first embodiment of the present 
invention; 

FIG. 4 is a schematic front elevational view of a 
central part of an anthropomorphic robot according 
to a second embodiment of the present invention; 5 
FIG. 5 is a schematic front elevational view of a 
central part of an anthropomorphic robot according 
to a modification of the second embodiment of the 
present invention; 

FIG. 6 is a schematic front elevational view of a io 

central part of an anthropomorphic robot according 

to a third embodiment of the present invention; 

FIG. 7 is a schematic front elevational view of a 

conventional anthropomorphic robot; and 

FIG. 8 is a view illustrative of operation of a central is 

part of the robot shown in FIG. 7. 

BEST MODE FOR CARRYING OUT THE INVENTION: 

[0023] A first embodiment of the present invention 20 
will be described below with reference to FIGS. 1 and 2. 
FIG. 1 is a schematic front elevational view of an anthro- 
pomorphic robot according to a first embodiment of the 
present invention, and FIG. 2 is a view illustrative of 
operation of a the anthropomorphic robot shown in FIG. 25 
1. 

[0024] As shown in FIG. 1, the anthropomorphic 
robot comprises a torso 1, a head 2 mounted on an 
upper surface of the torso 1 , a pair of arms 3 extending 
from both upper sides of the torso 1 , and a pair of legs 30 
4 extending from the lower end of the torso 1 . The arms 
3 are of an identical structure, and the legs 4 are also of 
an identical structure. 

[0025] Each of the arms 3 comprises a shoulder 
joint assembly 5, an elbow joint assembly 6, a wrist joint 35 
assembly 7, and a hand 9 coupled successively in the 
order from the torso 1 . 

[0026] The shoulder joint assembly 5 comprises a 
first joint 11 coupled to the torso 1 for rotation about a 
first axis 10 extending obliquely upwardly laterally from 40 
the torso 1 , a second joint 1 3 coupled to the first joint 1 1 
for rotation about a second axis 12 normal to the first 
axis 10, and a third joint 15 coupled to the second joint 
13 for rotation about a third axis 14 normal to the sec- 
ond axis 12. In the illustrated state, the second axis 12 as 
extends in an anterior-posterior direction (normal to the 
sheet of FIG. 1 ) and the third axis 1 4 extends in a verti- 
cal direction. The first through third joints 1 1 , 1 3, 1 5 are 
arranged in such a positional relationship that their axes 
10, 12, 14 intersect at a point on the second axis 12 in so 
their arbitrary angular positions. 
[0027] The elbow joint assembly 6 comprises a 
fourth joint coupled to the third joint 15 by an upper arm 
1 6 on the third axis 1 4. The fourth joint 6 (the elbow joint 
assembly 6) is rotatable about a fourth axis 1 7 (extend- 55 
ing in the anterior-posterior direction as shown) normal 
to the third axis 14. 

[0028] The wrist joint assembly 7 comprises a fifth 



joint 19 coupled to the fourth joint 6 (the elbow joint 
assembly 6) for rotation about a fifth axis 18 extending 
in a direction (vertical direction in FIG. 1) normal to the 
fourth axis 1 7, a sixth joint 21 coupled to the fifth joint 1 9 
for rotation about a sixth axis 20 extending in a direction 
(the anterior-posterior direction as shown) normal to the 
fifth axis 1 8, and a seventh joint 23 coupled to the sixth 
joint 21 for rotation about a seventh axis 22 extending in 
a direction (a lateral direction as shown) normal to the 
sixth axis 20. The hand 9 is coupled to the seventh joint 
23. 

[0029] Each of the first through seventh joints 1 1 , 
13, 15, 6, 19, 21, 23 comprises a rotary actuator such 
as a motor or the like. These joints are operated based 
on commands from a robot control device (e.g., a mas- 
ter device), not shown, or previously given teaching 
data, for performing certain work. Each of the joints 1 1 , 
13, 15, 6, 19, 21, 23 may comprise a linear actuator 
such as a cy linder or the like, rather than the rotary actu- 
ator, for rotation about the respective axes 10, 12, 14, 
17, 18, 20, 22. 

[0030] With the above structure of the shoulder joint 
assembly 5, the elbow joint assembly 6, and the wrist 
joint assembly 7, the shoulder joint assembly 5 can 
rotate about three axes except for a singularity state, 
and the elbow joint assembly 6 and the wrist joint 
assembly 8 can rotate about a single axis and three 
axes, respectively Based on these rotating motions, 
each of the arms 3 can operate in the same manner as 
a human arm. 

[0031] Each of the legs 4 comprises a hip joint 24, a 
knee joint 25, an ankle joint 26, and a foot 27 coupled 
successively in the order from the torso 1 . Although not 
shown in detail, the hip joint 24 is arranged to rotate 
about three axes in the anterior-posterior, lateral, and 
vertical directions, the knee joint 25 is arranged to rotate 
about a single axis in the lateral direction, and the ankle 
joint 26 is arranged to rotate about two axes in the ante- 
rior-posterior and lateral directions. 
[0032] With the arms 3 of the above structure, when 
the second joint 13 of the shoulder joint assembly 5 is 
turned from the state shown in FIG. 1 counterclockwise 
about the second axis 12 by an angle 0, the first axis 1 0 
of the first joint 1 1 and the third axis 1 4 of the third joint 
15 are aligned with each other, as shown in FIG. 2, 
resulting in the occurrence of a singularity state of the 
shoulder joint assembly 5. In this singularity state, for 
slightly changing the orientation of the fourth axis 17 of 
the elbow joint assembly 6 in a plane including the sec- 
ond axis 12 and the third axis 14, it is necessary to 
rotate the first joint 11 and the third joint 15 of the shoul- 
der joint assembly 5 by 90 degrees in opposite direc- 
tions, and thereafter rotate the second joint 13. 
Therefore, the first joint 1 1 and the third joint 1 5 need to 
be operated largely. 

[0033] In the above singularity state, because of the 
arrangement of the first through third joints 11, 13, 15 of 
the shoulder joint assembly 5 and the connection of the 
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elbow joint assembly 6 to the third joint 15. the first 
through third joints 11, 13. 15 and the elbow joint 
assembly 6 are successively lined up on the first axis 1 0 
(= the third axis 14) extending obliquely upwardly later- 
ally from the torso 1. Therefore, the etto* pint assem- 
bly 6 in the singularity state is posit toned above a 
horizontal plane S lying through ne yont c» intersection 
of the axes 10, 12, 14 of the first throat* third juttus 11. 
1 3, 1 5 laterally of the torso 1 . 

[0034] The arm 3 of the anthropomorphic robot 
according to the present emboatmeni oascaiiy works 
with the elbow joint assembly 6 poj><i j m w below 
the horizontal plane S. Therefore, the a'«n 2 does not 
basically work with the elbow joint asse^^c** C aoove me 
horizontal plane S. Consequently, ne s^^wmry state 
of the shoulder joint assembly 5 docs no* cxcuf +**c 
the arm 3 is working. Stated otherwise r^c «)CQton o# 
the shoulder joint assembly 5 while tne a~*- 3 * wor*mg 
is in a non-singularity state. As a resufi a~- 3 can 
work smoothly while its smooth operabitv * +m^+<i 
[0035] Theoretically, a singularity nrnir* 
when the second joint 13 is turned ISO rt^rw* aDoijr 
the second axis 12 from the state of the 3 &hcn*n m 
FIG. 2. Actually, however, such a state ooes no* occur 
because of an interference between the arm 3 and the 
torso 1 or an interference between the firs *>n? 1 1 and 
the third joint 13. 

[0036] In this embodiment the first a*ts TO of me 
first joint 1 1 coupled to the torso 1 extends upwardty 
directly laterally from the torso 1. However, as sno*n m 
FIG. 3, the first axis 10 may be slightly incunea m the 
anterior-posterior direction of the robot (m FtG 3 the 
first axis 1 0 is slightly inclined backwards) 
[0037] A second embodiment of the present inven- 
tion will be described below with reference to -IG 4 
FIG. 4 is a schematic front elevational view o* a central 
part of an anthropomorphic robot according to tne sec- 
ond embodiment of the present invention. 
[0038] The anthropomorphic robot according to the 
second embodiment differs from the anthropomorphic 
robot according to the first embodiment shown m FIGS. 
1 and 2 as to the arrangement of the first through third 
joints of the shoulder joint assembly and the connection 
of the elbow joint assembly to the third joint. The ports 
of the robot are denoted by reference numerals iden:ical 
to those of the robot according to the first embodiment 
[0039] As shown in FIG. 4, the shoulder pint 
assembly 5 of each of the arms 3 (only the left a in 3 of 
the robot is shown) of the anthropomorphic robot 
according to the second embodiment has the first 
through third joints 11. 13, 15 coupled successively in 
the order from the torso 1 , as with the robot according to 
the first embodiment The first joint 1 1 is coupled to the 
torso 1 with the first axis 10 extending vertically 
upwardly from the torso 1 . 

[0040] The elbow joint assembly 6 of each of the 
arms 3 is coupled to the third joint 15 by the upper arm 
1 6 at a position spaced from the third axis 14. As shown 



in FIG. 4, the elbow joint assembly 6 is positioned with 
respect to the third joint 15 such that the elbow joint 
assembly 6 is located above the horizontal plane X : lying 
through the point of intersection of the axes 10, 12, 14 
5 of the first through third joints 11, 13, 15, while the 
shoulder joint assembly 5 is moved to the singularity 
state thereof wherein the first axis 10 of the first joint 11 
and the third axis 1 4 of the third joint 1 5 are aligned with 
each other and the elbow joint assembly 6 is rotated 
70 about the first axis 10 (= the third axis 14) through the 
rotation of the first joint 1 1 or the third joint 1 5 so as to 
be positioned laterally of the torso 1 . To put it another 
way, the positional relationship of the first through third 
joints 1 1, 13, 15 (specifically, the distances between first 
, r , through third joints 1 1 , 13, 15) is established such that 
the elbow joint assembly 6 is located above the horizon- 
tal plane S when the shoulder joint assembly 5 has 
been moved to the singularity state thereof and the 
elbow joint assembly 6 has been positioned laterally of 
.v the torso 1. 

[0041] In the present embodiment, since the first 
axis 1 0 of the first joint 1 1 extends vertically the elbow 
joint assembly 6 is located above the horizontal plane S 
irrespective of the position to which the elbow joint 
assembly 6 is rotated about the first axis 1 0 (= the third 
axis 14) in the illustrated singularity state. 
[0042] Other details of the robot according to the 
second embodiment are identical to those of the robot 
shown in FIGS. 1 and 2. 
.-*> [0043] With the anthropomorphic robot according to 
the second embodiment, when the shoulder joint 
assembly 5 has been moved to the singularity state 
thereof, for slightly changing the orientation of the fourth 
axis 17 of the elbow joint assembly 6 about a direction 
35 perpendicular to the second axis 12 and the third axis 
1 4, it is necessary to rotate the first joint 1 1 and the third 
joint 15 by 90 degrees in opposite directions, and there- 
after rotate the second Joint 1 3. Therefore, the first joint 
1 1 and the third joint 1 5 need to be operated largely. 
ao [0044] However, in the singularity state of the shoul- 
der joint assembly 5, even when the elbow joint assem- 
bly 6 is rotated to any position about the first axis 1 0 (= 
the third axis 14), including positions laterally of the 
torso 1 , the elbow joint assembly 6 is located above the 
45 horizontal plane S. However, the arm 3 does not basi- 
cally work with the elbow joint assembly 6 above the 
horizontal plane S. 

[0045] In the present embodiment, therefore, while 
the arm 3 is working, the shoulder joint assembly 5 is 
so basically in a non-singularity state at all times, with the 
result that the arm 3 can work smoothly while its smooth 
operability is ensured. 

[0046] In this embodiment the first axis 10 of the 
first joint 1 1 extends vertically. However, to keep the 
55 elbow joint assembly 6 located above the horizontal 
plane S even when the elbow joint assembly 6 is rotated, 
to any position about the first axis 10 (= the third axis 
14), including positions laterally of the torso 1 in the sin- 
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gutarity state of the shoulder joint assembly 5, the first 
axis 10 of the first joint 11 may be slightly inclined 
inwardly of the torso 1 as shown in FIG. 5 or, inversely, 
slightly inclined laterally of the torso 1 . If the first axis 1 0 
is inclined as shown in FIG. 5, then when the elbow joint 5 
assembly 6 is turned 1 80 degrees about the first axis 1 0 
(= the third axis 14) from the position laterally of the 
torso 1 as indicated by the imaginary lines in the singu- 
larity state of the shoulder joint assembly 5 (actually, 
such a state of the robot shown in FIG. 5 does not occur 
because the arm 3 interfere with the head 2), the height 
of the elbow joint assembly 6 is smallest Even in this 
state, the elbow joint assembly 6 is located above the 
horizontal plane S. 

[0047] A third embodiment of the present invention 
will be described below with reference to FIG. 6. FIG. 6 
is a schematic front elevational view of a central part of 
an anthropomorphic robot according to the third embod- 
iment of the present invention. 

[0048] The anthropomorphic robot according to the 
third embodiment differs from the anthropomorphic 
robot according to the first embodiment shown in FIGS. 
1 and 2 as to the arrangement of the first through third 
joints of the shoulder joint assembly and the connection 
of the elbow joint assembly to the third joint. The parts 
of the robot are denoted by reference numerals identical 
to those of the robot according to the first embodiment. 
[0049] As shown in FIG.- 6, the shoulder joint 
assembly 5 of each of the arms 3 (only the left arm 3 of 
the robot is shown) of the anthropomorphic robot 
according to the third embodiment has the first through 
third joints 1 1, 13, 15 coupled successively in the order 
from the torso 1 , as with the robot according to the first 
embodiment. The first joint 11 is coupled to the torso 1 
with the first axis 10 extending obliquely upwardly from 35 
the torso 1 inwardly of the torso 1 , as with the robot 
shown in FIG. 5. 

[0050] The elbow joint assembly 6 of each of the 
arms 3 is connected to the third joint 15 by the upper 
arm 1 6 at a position spaced from the third axis 1 4 of the 40 
third joint 15 such that a line segment L (indicated as the 
broken line in FIG. 6) interconnecting the center of the 
elbow joint assembly 6 (on the fourth axis 1 7) and the 
point of intersection of the first through third axes 1 0, 1 2, 
14 is normal to the first axis 10 and the third axis 14 in 45 
the illustrated singularity state of the shoulder joint 
assembly 5 (in which the first axis 1 0 and the third axis 
14 are aligned with each other). 

[0051] Other details of the robot according to the 
third embodiment are identical to those of the robot so 
according to the first embodiment. 
[0052] With the arms 3 of anthropomorphic robot of 
the above structure, when the shoulder joint ass mbly 5 
has been moved to the singularity state thereof, and the 
elbow joint assembly 6 is rotated about the first axis 1 0 55 
(= the third axis 14) of the shoulder joint assembly 5 so 
as to be positioned laterally of the torso 1 as shown 
(more specifically, on the left side of the robot from the 



second axis 12), the elbow joint assembly 6 is located 
above the horizontal plane S lying through the point of 
intersection of the first through third axes 10, 12, 14. 
[0053] In the singularity state of the shoulder joint 
assembly 5, when the elbow joint assembly 6 is rotated 
about the first axis 10 (= the third axis 14) inwardly of 
the torso 1 (more specifically, on the right side of the 
robot from the second axis 12), the elbow joint assem- 
bly 6 is located below the horizontal plane S. Actually, 
however, because the arm 3 interferes with the head 2 
and the torso 1 , the elbow joint assembly 6 cannot be 
rotated to any arbitrary position inwardly of the torso 1 in 
the singularity state of the shoulder joint assembly 5. 
Thus, the range in which the elbow joint assembly 6 can 
be rotated inwardly of the torso 1 is limited to a relatively 
small range. In addition, any opportunity for the robot to 
work with the elbow joint assembly 6 positioned 
inwardly of the torso 1 in the singularity state of the 
shoulder joint assembly 5 is considered to be small. 
When the elbow joint assembly 6 is rotated to a position 
laterally of the torso 1 in the singularity state of the 
shoulder joint assembly 5, since the elbow joint assem- 
bly 6 is positioned above the horizontal plane S, the arm 
3 does not basically work in such a state. 
[0054] In this embodiment, therefore, the arm 3 nor- 
mally works almost exclusively in a non-singularity state 
of the shoulder joint assembly 5, thus ensuring the 
smooth operability of the arm 3. 

INDUSTRIAL APPLICABILITY: 

[0055] The arm structure of the anthropomorphic 
robot according to the present invention is useful for 
master-slave anthropomorphic robots whose arms are 
operated in the same manner as human arms. 

Claims 

1. An arm structure for an anthropomorphic robot, 
comprising a shoulder joint assembly having a first 
joint coupled to a torso for rotation about a first axis, 
a second joint coupled to the first joint for rotation 
about a second axis crossing the first axis, and a 
third joint coupled to the second joint for rotation 
about a third axis crossing the second axis, the first 
through third axes intersecting at a single point, and 
an elbow joint assembly coupled to the third joint of 
the shoulder joint assembly, characterized in that 

the position and posture of the first through 
third joints of said shoulder joint assembly and 
the position of said elbow joint assembly with 
respect to the third joint are established such 
that said elbow joint assembly is located above 
a horizontal plane lying through the point of 
intersection of the axes of said first through 
third joints, while said shoulder joint assembly 
is operated into a singularity state wherein the 
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first axis of said first joint and the third axis of 
said third joint are aligned with each other and 
said elbow joint assembly is positioned laterally 
of said torso. 

5 

An arm structure for an anthropomorphic robot 
according to claim 1, characterized in that said 
elbow joint assembly is coupled to said third joint on 
the third axis of the third joint, the first joint of said 
shoulder joint assembly is coupled to said torso 10 
with the first axis being oriented obliquely upwardly 
from said torso laterally of said torso, and said sec- 
ond joint and said third joint are coupled respec- 
tively to said first joint and said second joint so as to 
be arranged on said first axis successively from is 
said first joint to said eibow joint assembly in the 
singularity state of the shoulder joint assembly. 

An arm structure for an anthropomorphic robot 
according to claim 1, characterized in that said 20 
elbow joint assembly is coupled to said third joint at 
a position spaced from the third axis of the third 
joint, and the position and posture of the first 
through third joints of said shoulder joint assembly 
are established such that said elbow joint assembly 25 
is located above said horizontal plane while said 
shoulder assembly is operated into said singularity 
state and said elbow joint assembly has been 
rotated about said third axis to an arbitrary position 
laterally of said torso. 30 
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